ABSTRACT Selection for breast muscle yield and BW in commercial broilers has resulted in genotypes far different from broilers processed in the past. When comparative studies with commercial lines are conducted, it is often difficult to differentiate between carcass effects resulting from direct genetic selection vs. correlated effects that partially reflect genetic changes in BW. The objective of the present experiment was to compare growth and development characteristics of male broilers from commercial lines exhibiting similar rates of BW gain based on a percentage of 8-wk BW but exhibiting different carcass traits. Male broilers from 2 commercial genotypes exhibiting increased breast muscle yield (A and B) were compared with broilers from a commercial line that was "unimproved" with respect to conformation (C). All birds were fed a commercial-type broiler starter diet through-
INTRODUCTION
A major objective of genetic selection in commercial meat strains of poultry has been to increase BW at earlier ages and this strategy has changed BW at different points along the growth curve (Anthony et al., 1991) . Genetic selection schemes used to change an animal's pattern of growth results in short-term and long-term effects on other traits such as tissue accretion patterns, onset of sexual maturity, and overall reproductive efficiency (Siegel and Dunnington, 1987) . The potential for obesity in broiler breeder females is a by-product of selection for increased BW due to its correlated effects on increased appetite (Appleby et al., 1994) . Although genetic changes have been made by all primary breeding companies over the years, differences among strains still exist due to specific company selection practices (Emmerson, 1997 
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out the study and were processed at 8 wk of age for carcass comparisons. No differences were observed among lines for breast-free BW or weight of the abdominal fat pad. The absolute and relative weights of pectoralis major and pectoralis minor breast muscles were heavier in lines A and B than C (P < 0.001). Length (C > A = B; P < 0.001), width (B > C >A; P < 0.001), and depth (A = B > C; P < 0.001) of the pectoralis major were different between lines. Drum and thigh weights were heavier in lines A and B than C (P < 0.001). There were genotype differences in tibia length (C > A = B, P < 0.001) and femur length (C > A = B, P < 0.001). The comparison of line C with selected lines A and B, suggested that line C may provide a useful model for studying carcass development between commercial genotypes with similar growth patterns.
Many studies can be found in the literature that involve comparisons of broiler genotypes from widely divergent genetic backgrounds. Havenstein et al. (1994a) compared Athens-Canadian Randombred Control (ACRBC) broilers with a commercial strain predominant in the industry in 1991(Arbor Acres Feather Sex; AA). Broilers from each strain (ACRBC and AA) were fed diets typical in 1991 or diets reflective of formulation in the late 1950s. The greatest effects were those due to genetic improvement of the AA vs. ACRBC. Not surprisingly, total breast meat yield was greater for the AA than the ACRBC at all ages, and AA broilers also had increased abdominal fat and higher percentages of total carcass fat than the ACRBC (Havenstein et al., 1994b) .
Recently, Havenstein et al. (2003a) made similar comparisons between the ACRBC and Ross 308 broilers, a strain that is used extensively today by the broiler industry. Diets corresponding to 2001 industry standards increased BW in the Ross 308 broilers by 25% and the ACRBC by 10% when compared with 1957 era formula- tions. Havenstein et al. (2003b) also examined differences in carcass composition and yield with the most notable difference being an 8 to 10% increase in breast yield in the Ross 308 broilers. Although the genetic differences in yield would be expected, the question still remains: to what extent do differences in BW contribute to the large differences in carcass characteristics when widely divergent genotypes are studied?
With respect to carcass fat, Chambers et al. (1981) compared commercial and experimental strains of broilers and concluded that increased BW and abdominal fat in selected birds were principally related to selection for increased BW, but it was noted that part of the increased fat deposition might be due to genetic differences in feed conversion. Siegel and Dunnington (1985) stated that selection for BW at fixed ages resulted in increased carcass fat, but when carcass fat comparisons were made among birds of similar BW, there were often minimal differences in fat accretion (Katanbaf et al., 1988) . Recent work by Sizemore and Barbato (2002) suggested that by varying the point of selection (i.e., age or BW), geneticists could still increase BW without increasing carcass fat at later ages. However, as noted by Sizemore and Barbato (2002) , this finding is contrary to other reports in the literature (Chambers et al., 1981; Lin, 1981) . The objective of the current experiment was to compare the growth and development characteristics of broiler males from 3 commercial lines. Lines A and B are used for production of heavy broilers with high breast muscle yield, whereas Line C is of Barred Means in columns with no common superscript are different (P = 0.001).
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Data are expressed as least squares means ± standard error.
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A and B were commercial broilers with high breast yield; C was a commercial line with lower breast yield.
Rock lineage and is reared and sold into live markets in Philadelphia and New York.
MATERIALS AND METHODS
The first objective of the present study was to measure the growth characteristics of males from each of the 3 commercial broiler lines. Fertile hatching eggs were obtained from commercial broiler hatcheries for lines A, B, and C. Eggs were hatched at the Ohio Agricultural Research and Development Center, and all chicks were sexed, wing-banded, and placed in floor pens with shavings as litter. Males from each line were grown to 8 wk of age for BW and carcass comparisons. All birds were fed a commercial-type broiler starter diet (CP = 21.0%, ME = 3,121 kcal/kg) throughout the experiment, with feed and water provided ad libitum.
All birds were identified by wing band and individually weighed on alternate days from hatch through 8 wk of age. At 56 and 57 d of age, half of the remaining birds in lines A (n = 20 total), B (n = 10 total), and C (n = 18 total) were euthanized for carcass measurements. Carcass measurements were recorded for BW, abdominal fat pad weight, drum weight, thigh weight, and the weight of the pectoralis major and pectoralis minor muscles. The breast-free BW (BFBW) was estimated by subtracting the weight of the pectoralis major and minor muscles from total BW. The drum weight included the tibia and all associated muscles, and the thigh included the femur and all associated muscles. The thigh and drum were frozen immediately after weighing and at a later date were thawed and boiled to remove soft tissues for bone length and bone width measurements. The width of each bone was measured at the point calculated to be 50% of the measured length.
The length and width of the left pectoralis major were measured, and the depth (mm) was measured at 2 points along its length. The length was measured from the top to the tip of the filet, and width was measured at the widest point from left to right. Depth 1 was measured at 25% of the length, and depth 2 was measured at 50% of the length.
For the analysis of pattern of growth, alternate day BW from individual birds were expressed as a percentage of their final BW. The data were subjected to arc sine transformation prior to ANOVA using the PROC general linear model procedure of SAS software (SAS Institute, 2000) , and PROC general linear model was used for final Means in columns with no common superscript are different (P = 0.001).
1 Data are expressed as least squares means ± standard error.
2
3 BW − (P. major + P. minor weights).
BW-by-line comparisons. No significant line-by-day interactions were found; therefore, line data were pooled for statistical analysis. The line data were analyzed by ANOVA using the PROC general linear model procedure of SAS software (SAS Institute, 2000) , and means were separated with Duncan's multiple range test. Data are reported as least square means ± SE for each line.
RESULTS
The results of the broiler growth pattern of each line are illustrated in Figure 1 . The data are presented as the mean percentage of final BW for each line over the entire experimental period. Line C was somewhat ahead of lines A and B in terms of percentage final BW between 20 and 42 d. There were line differences in total BW at earlier ages during the experimental period (data not shown) and at 8 wk of age (Table 1 ). There were no line differences in the absolute weight of the abdominal fat pad, but the drum and thigh were heavier in lines A and B than in line C (P < 0.001). The absolute weights of the pectoralis major and minor was greater in lines A and B than line C (P < 0.001; Table 2 ). There were, however, no line differences in BFBW.
A comparison of the relative weights of the 2 breast muscles, abdominal fat, and BFBW is shown in Table 3 . As with the absolute measures, the relative weights of the pectoralis major and minor were greater in lines A and B than in line C (P < 0.001), but the opposite was true for the relative weight of the abdominal fat pad (C > A = B). The large differences among lines for breast muscle weight also resulted in a significant increase in the relative BFBW in line C compared with lines A and B.
The length of the pectoralis major was not different among any of the 3 lines, but there were significant line Means in columns with no common superscript are different (P = 0.001).
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differences in muscle width (B > A > C; P < 0.001; Table  4 ). The measurements for depths 1 and 2 were greater in lines A and B than in line C (P < 0.001). Femur and tibia length were greater in line C than in lines A and B (P < 0.001; Table 5 ), but there were no significant line differences in femur or tibia width.
DISCUSSION
Increased BW and correlated changes in carcass composition in commercial broilers are not easily explained. For example, increases in abdominal and carcass fat are positively correlated with genetic increases in BW (Chambers et al., 1981; Sizemore and Barbato, 2002) . This underscores the importance of finding genetic models in which carcass development changes are not confounded by large differences in BW. In the current study, there were no line differences in absolute weight of the abdominal fat pad, but line C had a higher percentage of abdominal fat. Although it was not measured in this study, primary breeders of commercial broilers emphasize feed efficiency in their selection programs (M. Boyle, 2003, Hubbard Farms, Walpole, NH, personal communication), and there is a known negative correlation between feed efficiency and carcass fat accretion (Chambers et al., 1981) . One of the reasons for the current study was to characterize the lines for future studies with these lines in which nutritional partitioning and physiological processes can be studied without the confounding effects of large differences in growth rate.
The differences in the absolute and relative breast muscle measurements between the lines were not surprising given their genetic backgrounds and commercial expectations. Lilburn and Nestor (1991) compared a selected (F), a randombred control (RBC2), and a commercial (C) turkey A and B were commercial broilers with high breast yield; C was a commercial line with lower breast yield.
3 Depths 1 and 2 were measured at 25 and 50%, respectively, of the length of the P. major muscle. Means in columns with no common superscript are different (P = 0.001).
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line and found that although the C line had increased absolute and relative breast muscle weights, BFBW was heaviest in the F line. This result compares favorably with the current results with respect to increased breast muscle weights in lines A and B but similar absolute BFBW in all 3 lines. Although the line differences in total breast muscle accretion was the most notable observation, it has been reported that any selection scheme used to change an animal's pattern of growth results in short-and longterm effects on other traits (Siegel and Dunnington, 1997) . Line differences in breast muscle structural characteristics as reflected by differences in muscle length, width, and depth may be the result of differences in muscle fiber number or muscle fiber size. This result suggests that the A, B, and C lines may prove useful in future studies looking at the mechanisms of breast muscle growth and development. In the aforementioned turkey lines, BW of the F and RBC2 lines were similar at hatch and heavier than the C poults, but there were no line differences in drum weight or tibia length (Lilburn and Nestor, 1991) . Over the ensuing 16-wk experimental period, however, there were considerable genetic effects on the weights and lengths of the tibia and femur and their associated muscles. In the current study, the patterns of BW gain in the 3 broiler lines were similar to those observed in the turkey experiment. Broiler line C was slightly heavier at hatch, and the lengths of the tibia and femur were greater than in selected lines A and B at 8 wk of age. The data reported herein were similar to findings of Nestor et al. (1988) and Lilburn and Nestor (1991) in that there are associated changes in skeletal development when selection for BW is applied. Nestor et al. (2001a) noted that additive genetic variation accounted for differences in shank length and differences in shank width in female turkeys from the commercial turkey sire lines A and B and the experimental F line. When considering both sexes, the commercial turkey sire lines A and B had greater BW, but the lengths of tarsometatarsal bones and femur differed. The commercial lines A and B had smaller leg bones than those of the experimental F line (Nestor et al., 2001b) .
In summary, the growth characteristics of commercial broiler lines A, B, and C were similar when measured as a percentage of 8-wk BW. Measures of muscle characteristics were different between lines at similar BFBW, and measurements of skeletal growth (tibia and femur length) were also different. The reported differences herein suggest that lines A, B, and C may be a useful model for determining the underlying mechanisms behind the differences in growth and development.
